Understanding the energy transition therefore requires an institutional analysis that is capable of revealing the normative reasons behind institutional changes. An analysis of values can provide insights into these reasons because values are relatively stable underlying normative guiding principles for changes in a society (Van de Poel and Royakkers, 2011) . But what role do values play exactly in the institutional changes within the energy transition? Identifying these roles offers valuable insights into factors of stability and change within energy systems, e.g. regarding acceptance, evaluation or rejection of certain technologies.
Addressing challenge B (Stability & Change), we propose a framework for institutional analysis that identifies the roles of values in institutional change. The framework builds on the Institutional Analysis and Development (IAD) framework, developed by Elinor Ostrom and colleagues (Ostrom, 2005) . The IAD framework is at the core of our analysis because, firstly, it is one of the most established frameworks in institutional analysis. Secondly, it was developed to deal with socio-ecological systems that are -similar to socio-technical systemscharacterized by their complex nature. To explicitly highlight the role of values for the elements of the IAD, we apply an interdisciplinary approach using conceptualizations of values from institutional economics, moral philosophy and sociology. With this approach, we con-tribute to academic endeavours to enrich the field of energy research with insights from the social sciences, as it is still dominated by techno-economic perspectives (Sovacool, 2014) while social-scientific research methods are underrepresented (Heinrichs et al., 2017) .
Section 2 describes the concept of values and their role for institutional and technological design. Then the IAD framework is introduced in Section 3 and expanded by a value perspective in Section 4.
II Conceptualizing values
Values are defined in a general sense as fundamental normative guiding principles for changes in a society, which are considered to be shared intersubjectively (Van de Poel and Royakkers, 2011) . However, the concept of a value is used differently in various academic disciplines. We outline these different conceptualizations below and will use them later to add a value perspective to the IAD framework.
In moral philosophy, values are criteria to make statements about the ethical goodness of options for action and normative human principles worth striving for. Central questions include for example: "How should I live my life?" or "What is the right thing to do in this situation?" (Pojman, 1997, p.12) . Values are considered to be shared intersubjectively, which means values are things that different individuals can relate to and generally hold important (Taebi and Kadak, 2010; Van de Poel, 2009 ). In the field of ethics of technology, values are analogously used to make statements about ethical and social consequences of technologies. Typical values include health, well-being and safety (Shrader-Frechette and Westra, 1997) . Central questions are "What types of values do technological artifacts have or contribute to? How are value considerations inherent to design choices?" (Van de Poel, 2009, p.973) . In other words, values are identifiable entities that are embedded in technologies and should be considered in design choices. They are embedded consciously and unconsciously by designers of technologies, but also emerge from the social context of the use and users of technologies (Shilton, Koepfler and Fleischmann, 2013) .
In institutional economics (IE), values are seen as influencing the behaviour of economic actors and as part of formal institutions. IE broadens neoclassical economic analysis by examining institutions and trying to understand how they influence human behaviour and how they emerge (Knudsen, 1993) . Decisions are not solely dependent on utility maximization, and efficiency is not the ultimate objective. Actions also depend on positive or negative impacts of more divergent values which are considered to be important in a society (Correljé et al., 2015) . Values are seen as guidelines that give actors criteria for decision-making (Knudsen, 1993) . Additionally, they influence the design of formal institutions (e.g. the formal rules of the game) (Correljé et al., 2015; Williamson, 1998) . Formal institutions are therefore not value-free; they should endorse the values for which they were designed and might also embed values unconsciously through institutional design.
In sociology and social psychology, values are studied as principles that influence human behaviour.
"Values are determinants of virtually all kinds of behavior that could be called social behavior or social action, attitudes and ideology, evaluations, moral judgments and justifications of self to others, and attempts to influence others" (Rokeach, 1973, p.5) .
Extensive theoretical and empirical work on conceptualizing and measuring values has been conducted based on the seminal contributions of researchers such as Schwartz, Bilsky and Rokeach (for reviews, see Cheng and Fleischmann, 2010; Dietz, Fitzgerald and Shwom, 2005) . Schwartz (Schwartz, 1992; Schwartz and Bilsky, 1987) is known for the development of the most commonly used measurement of values, the so-called 'Schwartz Value Survey'. The survey consists of 56 items to measure individuals' value priorities, grouped in ten value types. These include orientations such as self-direction, achievement, power and universalism. Self-direction consists of values such as freedom, independence and self-respect (Schwartz, 1992) .
All three conceptualizations of the concept of a value will be used as the basis to include a value-perspective in our framework for institutional analysis in the discussion section. Before that, we outline the IAD framework in Section 3.
III The Institutional Analysis and Development (IAD) framework
The IAD framework (Figure 1 ) developed by Elinor Ostrom and colleagues identifies important elements of socio-ecological systems and their interrelations (Ostrom, 2011) . According to Ostrom (2008) , institutions are defined as rules, norms and strategies that are used in repetitive situations. This definition is based on Douglass North, who states: "Institutions are the humanly devised constraints that structure political, economic and social interaction." (North, 1991, p.97) . They are formal and informal 'rules of the game' that shape the behaviour of actors (organizations as well as individuals). Institutions are political, social and legal rules that form the basis for activity and are needed to organize human behaviour in a structured way to stabilize the societal system (Gagliardi, 2008) . In this definition, institutions do not include organizations, which are instead denoted as 'actors'.
Fig. 1 IAD framework
Source: Ostrom (2005, p.15) The IAD framework defines certain system elements that can be broadly categorized into exogenous variables, the action arena, interactions, evaluative criteria and outcomes ( Figure  1 ). Important or decisive events are captured in the element of action situations. Action situations are thus used to analyse human behaviour within the institutional context (Ostrom, 2011) . "Action situations are the social spaces where individuals interact, exchange goods and services, solve problems, dominate one another, or fight […]" (Ostrom, 2011, p.11) . Based on this broad definition, action situations can be located at any level of human interaction. The decision on what constitutes an action situation and which level of aggregation is best suited highly depends on the specific case study (Pahl-Wostl et al., 2013) . Using the IAD framework for an analysis of energy systems in this paper, the decarbonization of national energy systems constitutes the main coordination problem in which various action situations, such as policy and innovation processes across multiple scales, are embedded.
The participants are human actors that take part in an action situation (Ostrom, 2011) . Meanwhile they are influenced by various contextual conditions, i.e. the biophysical and material context, the socio-economic conditions as well as the existing institutional setting (McGinnis, 2011) . The outcome of an action situation and the processes of interaction are assessed using various evaluative criteria, determined by the participants in action situations and by those observing these situations. These criteria, for example, can be questions about sustainability, distributional equity or conformance to values. This assessment can influence following action situations or the prevailing exogenous variables (Ostrom, 2011) . In the following discussion, the elements of the IAD framework are explained in further detail.
IV General concepts: Strong or weak Sustainability and mixed approaches
A consideration of underlying values requires expanding the original IAD framework. Therefore, we use the conceptualization of values in different disciplines outlined in Section 2. The following paragraphs describe the role of values in related elements of the IAD framework. The results of our analysis are summarized in Figure 2 .
IV.1 Participants
Since any transition process requires people taking action, our analysis starts at the element of participants. Participants can act as individuals or groups representing an entity. In contrast to the well-established formal model of the fully rational utility-maximizing 'homo oeconomicus' used in neoclassical economics, Ostrom defines participants as fallible learners that can learn from mistakes and gain more and more information over time. Meanwhile their action choices are influenced by incentives or constraints of exogenous variables (Ostrom, 2011) .
Assuming that human behaviour is driven by personal or professional characteristics and attributes -depending on the role of the participant -, the sociological and psychological definition of values can deliver important implications for actor behaviour regarding energy systems. Values work as principles influencing or driving human behaviour and are thus specific characteristics of personality (Schwartz, 1992) .
For example, Perlavicuite and Steg (2015) investigated the effects of egoistic values (e.g. valuing wealth and social power) and biospheric values (e.g. valuing unity with nature and environmental protection) on evaluations of nuclear and renewable energy. They found that strong biospheric values led survey respondents to ascribe significantly more importance to the environmental consequences of nuclear and renewable energy. Additionally, the stronger respondents' biospheric values, the more negative consequences they ascribed to nuclear energy. The opposite effect was observed for renewable energy, where biospheric values were positively correlated with positive evaluations of renewable energy. Regarding the IAD framework, this implies that the participants involved in an action situation and their values can influence which technologies are discussed and how they are discussed.
IV.2 Evaluative criteria for outcomes and patterns of interaction
The conceptualization of values in ethics of technology and institutional economics allows us to outline the role of values as evaluative criteria for outcomes and patterns of interactions.
Since Ostrom does not offer a detailed explanation of what outcomes can look like, we apply the broader definition of Pahl-Wostl et al. (2010) , who defined three types of possible outcomes of action situations: institutions, knowledge and operational outcomes. The latter, for example, also captures the innovation of new technologies, which is of special importance for energy systems.
Speaking of new technologies, the definition of values from ethics of technology offers important implications.
Values can be used to define and design essential characteristics of technologies. This is grounded in the understanding that technologies cannot be seen as neutral objects but as value-laden (Flanagan, Howe and Nissenbaum, 2008; Winner, 1980) . In the same way, values can serve as design principles and characteristics of institutions. This implication, however, mostly derives from IE: values are influential for institutional change and become embedded in institutions through value judgements (Bush, 2009 ).
To assess the performance of a system, outcomes as well as patterns of interactions are judged by specific evaluative criteria. Ostrom mentions various types of these criteria e.g. economic efficiency, accountability and fiscal equivalence. In the case of the energy transition, sustainability, distributional equity and consistency with other moral values are important (Ostrom, 2011) . Evaluative criteria include values as they are defined in moral philosophy: goal-oriented assessment criteria and normative principles that are worth striving for and, that socio-technical developments should adhere to (Shrader-Frechette and Westra, 1997) .
Two examples highlight how values can serve as evaluative criteria for outcomes and interaction patterns. Firstly, if the focus of an action situation is to incentivize investment in renewable energy technologies, the outcome (i.e. the actual investment in renewables) can be assessed using values as evaluative criteria. A hypothetical region A with a high degree of small-scale solar power might be compared with region B with a focus on hydropower. Region A is likely to incorporate the values of consumer empowerment and participation in energy generation to a higher degree, while this might come at the expense of system reliability due to a higher degree of intermittent supply. Region B is likely to focus on values of emission-free, large-scale, relatively secure energy supply, while this might come at the expense of local ecosystems near hydropower dams. Secondly, and with regard to interaction patterns, the degree to which a variety of stakeholder groups is involved in decision-making processes on the siting of wind parks (i.e. the degree of procedural justice) might influence the acceptance of the wind park by local communities (Devine-Wright, 2005) . This means that, depending on which level the action situation is located, the selection of actors involved will have an influence on the outcome. It will also influence the assessment to what extent core values were considered and, ultimately, whether certain technological or institutional changes are accepted or not.
IV.3 Biophysical/material conditions
The biophysical/material conditions in the IAD framework describe the physical environment of an action situation (Ostrom, 2005) . This includes the physical and human resources needed to produce and provide goods and services, such as capital, labour, technology, sources of finance and distribution channels (Polski and Ostrom, 1999) . In our understanding of energy systems as socio-technical systems it is important to stress that the biophysical/material conditions include the humanly devised technologies to generate, distribute and consume energy.
Research in ethics of technologies allows us to understand how values are linked to attributes of the biophysical world. Values are embedded in the technologies to generate, distribute and consume energy through the design and use of these technologies. As values are seen as design goals, engineers create technologies with the aim to incorporate specific values (Shilton, Koepfler and Fleischmann, 2013) . Ethicists analyse the moral repercussions of using certain technologies and not others because technologies do not only fulfil the specific function for which they were designed but can have unintended side-effects (Barry, 2001 ).
To exemplify the relation between values and technologies, we look at the value implications of hydropower dams. While often considered as sustainable, because they offer emission-free energy generation, important moral repercussions include effects on the river ecosystem and distributive justice, particularly with respect to downstream water supply and the fair distribution of water along the entire length of the river.
IV.4 Attributes of community
The attributes of the community in the IAD framework describe the social and cultural context of the focal action situation (McGinnis, 2011; Polski and Ostrom, 1999) . Attributes that are important in affecting action situations include values or behaviour generally accepted in the community, the level of common understanding about the structure of types of action situations, the degree of homo-/heterogeneity in preferences, the size and composition of the community, and the extent of inequality of distribution of basic assets among those affected.
Although the literature on the IAD framework explicitly mentions values as important attributes of a community, insights from moral philosophy are helpful to define values in the context of a community in greater detail: values are normative principles about what is a good and right development in a given community. They are considered to be shared intersubjectively by people within a community, which means they are things a group can relate to and generally hold important (Taebi and Kadak, 2010; Van de Poel, 2009) .The degree to which a community perceives certain values to be important influences the potential outcomes that are subject to choice in an action situation and the actual outcome that participants decide upon.
An example of such shared normative principles for energy policy that need to be considered in an institutional analysis can be seen in the three focus objectives of the European Union's energy strategy and policy: security of energy supply, affordability of energy for consumers and environmental sustainability (European Commission, 2018) . This was not always the case. Until approximately halfway through the first decade of the 21st century, European energy policy was dominated by a neoclassical perspective to create efficient markets. However, as policy makers increasingly recognized the threats associated with anthropogenic climate change and the need to decarbonize the energy system, the reduction of carbon emissions by moving away from the use of fossil fuels became an important goal for European policy making (Correljé et al., 2015) . This shows how changing normative values can affect and broaden policy objectives considered in an action situation.
IV.5 Rules
The rules in the IAD framework denote the exogenous institutional environment of the action situation. Institutions are defined as 'rules of the game' and systems of rules which enable and constrain the actor behaviour (Hodgson, 2015; Ostrom, 2005) . A rule is defined as "learned and mutually understood injunction or disposition" for actors to act in a specific way (Hodgson, 2015, p.7) . Rules are prescriptions whether actions are required, prohibited or permitted. Importantly, the focus lies on rules-in-use, which are rules that are known to the participants in an action situation and can thus influence their behaviour. They are different from rules-in-form, which are unknown to the participants in an action situation (Ostrom, 2011) . In an open and democratic society, the origin of rules can be very diverse ranging from a group of individuals to decide on their own rules for an action situation, families and workplaces, to firms, local and regional governments, national governments and supranational organizations (Ostrom, 2011) .
Values are influential for institutional change and seen as entities that are embedded in institutions (Correljé et al., 2015) . Because of this, the exogenous rules-in-use shaping an action situation will embed the values for which they were previously designed. In a similar way as values are seen as embedded in technologies, rules are value-laden. Essentially, institutional economists view a change of rules as a change of value judgement by the community involved in creating rules (i.e. a change of the degree to which different values are perceived to be important and should be used as guiding principles for designing a rule) (Knudsen, 1993) .
The example of European energy policy mentioned above can be extended to illustrate how values become embedded in rules. Because of the shared understanding of energy security, affordability of energy for consumers, and environmental sustainability, these three values have become the most important objectives of European energy policy. For example, as the value of environmental sustainability was operationalized by European energy policy makers in terms of reducing carbon dioxide emissions, it became embedded in the design of a range of policies, such as the European Emissions Trading Scheme and national support schemes for wind and solar power generation (Correljé et al., 2015) . 
V Conclusion
We draw from conceptualizations and insights on values in different academic disciplinesmoral philosophy, institutional economics and social psychology/sociology -to highlight the role of values for different IAD elements. Values influence the behaviour of participants in an action situation and can be used as evaluative criteria for outcomes of these situations and for patterns of interaction. They are embedded in the biophysical/material conditions as well as in the rules creating the technological and institutional environment of an action situation, and are shared principles of what is good and right in a given community. The exogenous variables are thereby related to previous action situations and in essence endogenized into the socio-technical system (Cole, 2017) .
Our framework can be used by researchers and policy makers alike. Since values serve as evaluative criteria for different system designs, the framework allows cross-sectional, comparative analysis of energy systems. Our analysis can provide input for changes in the design of energy systems in different spatial contexts. It shows that a value perspective is needed when examining factors and challenges regarding stability and change in energy systems.
